Adult T-cell leukemia-lymphoma (ATL) is a peripheral Tcell malignancy caused by human T-cell leukemia virus type 1 (18) . Cytomegalovirus (CMV) is a particularly lethal pathogen for ATL patients (5) . It is an important pathogen of immunocompromised hosts, including those with human immunodeficiency virus (HIV) infection (2) and patients following allogeneic stem cell transplantation (SCT) (15) or organ transplantation (17) . The virus causes such CMV-related diseases as pneumonia, enterocolitis, and retinitis. Ganciclovir and foscarnet are effective drugs for treating CMV-caused disease, but they have various side effects, including pancytopenia and renal dysfunction (9) . Moreover, inappropriate dosage regimens can lead to the appearance of drug-resistant virus strains (12) . Early and accurate diagnosis and reliable methods for monitoring CMV infection are essential for managing ATL patients.
The recent development of real-time PCR procedures for rapidly quantifying genome load should prove useful for accurately monitoring these infections. Although many reports describing real-time PCR assays have improved our understanding of their utility for patients with HIV infection (26) or for those having undergone SCT (11, 13) or organ transplantation (4) , there have been no reports of using real-time PCR in monitoring for CMV reactivation in ATL patients. The development of a standard method for monitoring ATL patients has remained elusive because the monitoring protocols for CMV reactivation in ATL patients differ in each institution. The CMV antigenemia assay is the most widely used method for detecting CMV infection, and antigenemia-guided preemptive therapy has been shown to be effective in preventing CMVrelated diseases (1) . Real-time PCR methods have been demonstrated to be superior to antigenemia assays with respect to cost, simplicity, sensitivity, repeatability, and reproducibility (16, 20) . Moreover the antigenemia assay is unreliable during repeated neutropenia by chemotherapy. Nested PCR has also been reported to be useful in detecting CMV infection (22) . However, nested PCR is not quantitative, and the level of CMV infection in some patients is often difficult to infer from the results. Therefore, to provide more data toward developing a standard methodology for the monitoring and diagnosis of CMV infections, we investigated the potential of real-time PCR assay procedures and compared our results with those obtained using the qualitative nested PCR and antigenemia assays in ATL patients.
MATERIALS AND METHODS
Patients. Between January 1996 and May 2002, 27 patients with a diagnosis of ATL as determined by serologic, immunophenotypic, and genomic findings were enrolled. Patients who presented in either chronic or smoldering phase according to the Lymphoma Study Group classification (19) were excluded because they had fewer risks associated with CMV infection and had yet to undergo intensive chemotherapy. All patients were seropositive for CMV before chemotherapy and received combined chemotherapy with anthracycline, vinca alkaloid, and alkylating agent. Prednisolone was used only with chemotherapy for short periods of 4 or 5 days. The patients comprised 16 men and 11 women (median age, 59.7 years; range, 35 to 80 years). Twenty-one patients demonstrated the acute type, and six patients demonstrated the lymphoma type, according to the Lymphoma Study Group classification. Blood samples were obtained weekly during repeated intensive chemotherapy. A total of 239 samples were obtained from 27 patients and were examined with both real-time PCR and nested PCR assays. Ninety-nine of the 239 samples that were obtained from 16 of 27 patients were examined with the antigenemia assay.
Four of 27 patients developed CMV-related pneumonia during the clinical courses; transbronchial lung biopsies were obtained from two patients, and diagnoses for these patients were confirmed by histologic analyses (hematoxylineosin staining and immunohistochemistry). The other two patients were diagnosed histologically based on autopsy results.
Nested PCR and real-time PCR. Viral DNA was extracted from plasma (0.2 ml) with a QIAamp Blood mini-kit (Qiagen, Valencia, Calif.) according to the manufacturer's instructions. DNA was eluted from the Qiagen columns in a final volume of 100 l of distilled water and was stored at Ϫ30°C until used.
Nested PCR was carried out as described by Tokimatsu et al. (22) . Briefly, the primers used for PCR were complementary to immediate-early gene region 1. The outer primer set consisted of MIE-4 (5Ј-CCAAGCGGCCTCTGATAACC AAGCC-3Ј) and MIE-5 (5Ј-CAGCACCATCCTCCTCTTCTCTGG-3Ј), which amplified a sequence of 435 bp. The inner primer set consisted of IE-1 (5Ј-CC ACCCGTGGTGCCAGCTCC-3Ј) and IE-2 (5Ј-CCCGCTCCTCCTGAGCACC C-3Ј) and amplified a 159-bp sequence. All reaction mixtures used TaKaRa Ex Taq (Takara, Ohtsu, Japan). For each PCR with the outer primers, 20 pmol of each outer primer was used with 5 l of the prepared sample in a 50-l final reaction volume. PCRs consisted of 30 cycles of DNA denaturation at 94°C for 1 min, annealing at 55°C for 1 min, and extension at 72°C for 1 min. The final extension step was carried out for 10 min. In the nested PCR step, 5 l of the product from the first PCR was added to a new reaction mixture containing 20 pmol of each inner primer and was then reamplified as before. The nested PCR products were electrophoresed on 4% agarose gels containing ethidium bromide, and the gels were photographed.
Real-time PCR was performed according to the method described by Machida et al. (13) . Briefly, the designs of the PCR primers (5Ј-GCGTGCTTTTTAGC CTCTGCA-3Ј and 5Ј-AAAAGTTTGTGCCCCAACGGTA-3Ј) and a fluoro-
were based on open reading frame US17 of CMV AD169. To standardize the quantification, we subcloned part of open reading frame US17 into a plasmid. DNA fragments were amplified with an ABI PRISM 7700 Sequence Detection System (Perkin-Elmer Biosystems, Foster City, Calif.) in a 50-l reaction mixture containing 10 l of DNA sample, 25 l of TaqMan Universal PCR master mix (Perkin-Elmer Biosystems), 15 pmol of each primer, and 10 pmol of TaqMan probe. Thermal cycling conditions were as follows: 50°C for 2 min, 95°C for 10 min, and 50 cycles of 95°C for 15 s and 61°C for 1 min.
Antigenemia assay. Antigenemia assays were conducted with a Teijin antigenemia kit (Teijin, Osaka, Japan) according to the manufacturer's instructions (8) . EDTA-treated blood (3 ml) was mixed with phosphate-buffered saline (PBS) (1.5 ml) and a 5% solution of dextran (0.5 ml) and was allowed to settle at 37°C. After 15 min, the entire supernatant was harvested and was centrifuged for 10 min at 300 ϫ g. The pelleted cells were suspended in an NH 4 , pH 7.4) on iced water for 5 min to lyse the contaminating erythrocytes. After centrifugation for 10 min at 300 ϫ g, the leukocytes were suspended in PBS and were counted. Cytocentrifuge preparations were mainly made with 100 l of a suspension of 1.5 ϫ 10 6 cells per ml centrifuged for 5 min at 550 rpm (Cytospin-3; Shandon Scientific Ltd., Astmoor, United Kingdom). The slides were dried quickly and were fixed with acetone (10 min at Ϫ20°C) and were then rinsed in methanol (150 ml) containing 1% hydrogen peroxide to eliminate endogenous peroxidase activity. After washing twice with PBS, slide contents were incubated in a solution of the peroxidase-conjugated monoclonal antibody C7-HRP (50 l) for 60 min at room temperature. After being washed with PBS, slide contents were incubated with substrate (including diaminobenzidine) and chromogen (including H 2 O 2 ) solution (100 l) for 10 min at room temperature. Slides were washed with PBS and were counterstained with hematoxylin counterstain solution (150 l) for 30 s. After being washed with PBS, CMV antigen-positive cells were enumerated by light microscopy. The degree of antigenemia was expressed as the number of CMV antigen-positive cells per 5 ϫ 10 4 leukocytes. Statistical analysis. Differences between two groups were assessed by the Mann-Whitney test or Fisher's exact test. Correlations between two groups were analyzed by Spearman's test. P values less than 0.05 were considered statistically significant.
RESULTS

Stability of real-time PCR.
A standard curve was produced by using seven 10-fold dilutions of a plasmid standard covering 10 to 10 7 plasmid copies per reaction, which corresponded to 5 ϫ 10 2 to 5 ϫ 10 8 copies/ml of plasma. The standard curve possessed a correlation coefficient of 0.990 with a slope of Ϫ3.40 and y-intercept value of 38.50 (Fig. 1) . The real-time PCR assay detected between 18 and 3,653,361 copies of CMV genome/ml in 239 samples. The reproducibility was determined from three blood samples. The coefficients of variation obtained for control low (500 copies/well)-, middle (10 4 copies/ well)-, and high (10 5 copies/well)-viral-load samples in intraassay variation testing were 0.23, 0.10, and 0.11, respectively, and in interassay variation testing, the coefficients of variation Comparison of antigenemia, real-time PCR, and nested PCR assays. Correlations between pp65 antigenemia and realtime PCR assays were investigated using blood samples taken from the ATL patients. A total of 99 weekly samples was obtained from 16 patients and was analyzed with both realtime PCR and antigenemia assays. The CMV DNA copy number and the pp65-positive cell count were closely paralleled. Samples from patients were classified into four groups according to the results of the antigenemia assay. Group 1 corresponded to samples assessed as negative by the antigenemia assay, group 2 corresponded to low values (1 to 10 positive cells), group 3 corresponded to moderate values (11 to 100 positive cells), and group 4 corresponded to high values (Ͼ100 positive cells). As shown in Fig. 2 , the CMV DNA load did not differ between groups 1 and 2, while the CMV DNA load was significantly different between groups 2 and 3 as well as between groups 3 and 4.
Assessment of viral load by real-time PCR and nested PCR assays was investigated by using 239 weekly samples obtained from 27 ATL patients. A comparison between real-time PCR and nested PCR assays is shown in Table 1 . When input concentration for real-time PCR was 2,500 to 4,999 copies/ml, the positivity rate for the nested PCR assay was 47.3%, while the positivity rate was more than 90% at an input concentration of Ն50,000 copies/ml.
Longitudinal analysis for detection of CMV reactivation.
The temporal pattern of CMV detection by real-time PCR assay was analyzed and was then compared with antigenemia and nested PCR assays. First, the real-time PCR assay was compared with the antigenemia assay (Tables 2 to 4 ). CMV DNA copy number and antigen-positive cells roughly paralleled the clinical course in two cases (Table 2 ; patients 1 and 2) of CMV pneumonia in which an antigenemia assay could be carried out. The real-time PCR assay became positive before the antigenemia assay did in one case (patient 1), and both assays became positive from the first specimen in one case (patient 2). In patient 1, the CMV copy number on a real-time PCR assay increased to 9.9 ϫ 10 3 copies/ml 4 weeks before the antigenemia became positive. Out of 14 cases in which CMV disease did not ensue, both assays remained negative for the whole period of observation in seven cases, both assays became positive simultaneously in three cases, and real-time PCR alone was positive in four cases. Real-time PCR was then compared with nested PCR. Out of four cases of CMV pneumonia ( Table 2 ; patients 1 to 4), the real-time PCR assay became positive before the nested PCR assay did in three cases (patients 1, 3, and 4), and both assays became positive from the first specimen in one case (patient 2). Out of 23 cases where CMV-related disease did not develop, both assays remained negative for the period of observation in 10 cases, both assays became positive simultaneously in eight cases, real-time PCR alone gave positive results in three cases, and nested PCR alone was positive in two cases. The cases of six patients who underwent antiviral therapy for CMV reactivation without developing CMV-related disease are shown in Table 3 . Both assays became positive simultaneously in four cases (patients 5, 7, 9, and 10), and the real-time PCR assay became positive before the nested PCR assay did in one case (patient 8). CMV viral load decreased after initiation of ganciclovir therapy (patients 5 and 8 to 10). Real-time PCR indicated a rapid temporary elevation of viral load in one case (patient 6), but this patient received valaciclovir orally for herpes zoster, and the CMV DNA copy number as determined by real-time PCR decreased following this treatment. However, the antigenemia assay classified all six patients as negative or low antigen positive. The two cases that nested PCR alone identified as positive are shown in Table 4 . The real-time ................................................... 1/13 (7.1)  1,000-2,499................................................... 8/16 (33.3)  2,500-4,999.............................................. 
DISCUSSION
The quantitative detection of CMV DNA by real-time PCR assay has been a benefit for immunocompromised hosts, and some reports have maintained that this assay offers several advantages over the antigenemia assay. However, there has been no published research that describes the use of real-time PCR for ATL patients, and no standard method for detecting CMV in ATL patients has been developed. The goals of the present study were to ascertain whether real-time PCR could be used for ATL patients, by comparing these results with those obtained from qualitative nested PCR and antigenemia assays.
Recent studies of patients with HIV infection and after SCT or organ transplantation have demonstrated that the real-time PCR assay and antigenemia assay are precisely correlated (20, 25) . Our examination of ATL patients also demonstrated a good correlation between the antigenemia and real-time PCR assays. The antigenemia assay is the most popular method for monitoring CMV infection (1) . Several studies of CMV infection in ATL patients have adopted this method (6, 7), but repeated and protracted neutropenia caused by chemotherapy may preclude the clinical application of this method. Moreover, real-time PCR revealed high viral load, even in samples assessed as negative by the antigenemia assay, and CMV DNA viral load did not differ between groups 1 and 2 (Fig. 2) . This indicates that real-time PCR is more sensitive than the antigenemia assay. In addition, the antigenemia assay might be unreliable with lower numbers of antigen-positive cells. For two patients having CMV pneumonia in which antigenemia could be carried out, real-time PCR became positive before the antigenemia assay did. Based on these results, real-time PCR appears to be superior to the antigenemia assay in terms of sensitivity for early detection in addition to its low cost, time effectiveness, ease of use, and reliability of CMV detection during severe neutropenia due to chemotherapy. For patients undergoing antiviral treatment for CMV reactivation without developing CMV disease, real-time PCR revealed high viral loads while the antigenemia assay showed negative or few positive cells. Although the clinical significance of a high CMV viral load associated with low antigenemia remains to be established, this might indicate an early stage of CMV disease or latent disease, which may become medical targets in the future. Real-time PCR may be more suitable in these cases.
We also compared the real-time PCR and nested PCR assays. When input concentration was 2,500 to 5,000 copies/ml, the sensitivity of nested PCR was 47.3%, while sensitivity was (21) . Therefore, we compared the nested PCR protocols being used at our institution with results obtained by using the most popular primers in real-time PCR assays. We believe that the real-time PCR assay would be more sensitive than nested PCR. With regard to early detection, out of four cases of CMV pneumonia, real-time PCR became positive before nested PCR did in three. Moreover, real-time PCR is able to quantitatively evaluate the effects of treatment. The case progression of the four patients who contracted CMVrelated pneumonia in our study may have been prevented if they were monitored by real-time PCR. Real-time PCR is more suitable for early detection and monitoring ATL patients than is nested PCR. For patients after allogeneic SCT (25) and for those with HIV infection, the CMV-positive value has been defined as Ն200 copies/ml for the real-time PCR assay or Ն1/50,000 CMV antigen-positive cells for the antigenemia assay (10, 14) . While the condition of the immune system varies between each pair of diseases, the cutoff was given the same value but remains obscure. To determine whether this definition also applies to ATL patients, we attempted to define a cutoff by using the real-time PCR assay. In four cases of CMV pneumonia, the viral load as measured by real-time PCR increased to Ն5,000 copies/ml before positive results for the other assays or disease onset. Moreover, this increase occurred 3 weeks before disease onset. In five patients undergoing treatment with an antiviral drug for CMV reactivation in the absence of CMV disease, CMV viral load increased to Ն5,000 copies/ml before initiation of antiviral treatment. On the other hand, two patients for whom nested PCR alone gave positive results had counts of less than 5,000 copies/ml by real-time PCR assay. Although more research is necessary, the cutoff for detection may be better defined as Ն5,000 copies/ml for ATL patients.
In conclusion, real-time PCR is more suitable than are nested PCR and the antigenemia assay for detecting CMV reactivation in ATL patients. Recently, autologous SCT and allogeneic SCT have been adopted for ATL patients (23, 24) , and SCT is expected to improve these patients' prognoses. Early detection and monitoring of CMV viral loads are critical for preventing complications of CMV infection in patients following SCT. Strict monitoring with the real-time PCR assay should be required for such patients.
